The Croonian Lecture, 1983. Voltage-gated ion channels in the nerve membrane.
In the Croonian Lecture for 1957, Sir Alan Hodgkin described the role of the channels selective for sodium and potassium ions in the conduction of the nervous impulse. An essential feature of these channels is the manner in which the complex kinetics of their opening and closing is controlled by the electric field across the membrane, and the purpose of the present lecture is to consider the advances that have been made in the past 25 years towards an understanding of the underlying molecular mechanisms. One such advance has been the successful recording, independently of the ionic currents, of the small asymmetry current known as the gating current, that accompanies the conformational changes that take place in the sodium channels. A quantitative analysis of the characteristics of the gating current suggests that activation is brought about by two more or less independent processes operating in parallel, to one of which the slower mechanism of inactivation is coupled sequentially. However, it is clear that a complete picture of the gating system will only be arrived at by combining evidence of this kind with that provided by other new lines of approach such as studies of single ion channels in various tissues by means of fluctuation analysis and the patch-clamping technique, and a reinvestigation of the kinetics of activation of the potassium channels.